1. Introduction {#sec1}
===============

Smoking is the leading preventable cause of morbidity and mortality in the USA. In the last decades however, rates of cigarette smoking have decreased. In contrast, the use of the other forms such as smokeless tobacco (SLT) has increased \[[@B1], [@B2]\]. This suggests that smokers might use SLT as a substitute for cigarettes due to restrictions on smoking (e.g., indoor smoking laws), participation in smoking cessation programs, and/or the perception that SLT products confer lower morbidity and mortality risks \[[@B3]\]. In addition, various SLT products have been suggested as alternatives to smoking and/or as a harm reduction strategy \[[@B4]\], but there is limited evidence establishing the effectiveness of such an approach \[[@B5]\]. In contrast, some data suggest that SLT use significantly increases the subsequent use of cigarettes and dual use of cigarettes and SLT \[[@B6], [@B7]\]. Furthermore, a number of studies concluded that SLT use is related to several types of cancer (i.e., oral cancer, pancreatic cancer) \[[@B8]\].

Rates of SLT use are high among US military personnel relative to the general US population \[[@B9], [@B10]\]. However, little is known about SLT use in the fire service, which shares some cultural characteristics with the military and whose personnel also need to maintain high levels of health and fitness given the rigorous physical and mental job requirements \[[@B11]\]. Only two studies to date have reported tobacco use prevalence among firefighters. Lee and colleagues \[[@B12]\] estimated that the average cigarette smoking prevalence among firefighters from 1987 to 1994 was 26.9% (SD = 3.7), although this estimate was based on a small sample of firefighters, only reported cigarette use, and represented the average prevalence over a period nearly two decades ago. A recent study conducted by Haddock and team \[[@B13]\] found that the rates of firefighters\' smoking and SLT use were 13.6% and 18.4%, respectively. Thus, while the rate of smoking was relatively low compared to the general US population, SLT use among firefighters was substantially higher than the populations they protect (i.e., a national unadjusted SLT use rate among adult males, 7.0% \[[@B14]\], a national SLT use prevalence among persons aged 12 and older, 3.5% \[[@B15]\]). The reduction in tobacco use over the last several decades and the subsequent rise in SLT use probably represent important policy and cultural changes in the fire service such as "no tobacco use" contracts as a condition of employment (where smoking is easy to monitor) and responses to indoor smoking and disease presumption laws \[[@B11]\].

Sociocultural and psychosocial variables that have been associated with an increase in SLT use include peer influence, gender, race, neighborhood environment, previous cigarette smoking, and alcohol use \[[@B16]\]. Several studies also found concurrent use of SLT and cigarettes among adults to be common \[[@B17]--[@B19]\]. This could raise the risk of nicotine exposure and tobacco-attributable morbidity and mortality among dual users when compared to those who use only cigarettes or SLT \[[@B19]\]. However, there currently are no studies assessing factors associated with SLT use or the characteristics of users and patterns of use in the fire service. The purpose of this study was to examine the relationships among variables associated with (1) SLT use and (2) dual tobacco use (SLT and smoking) among male career firefighters.

2. Methods {#sec2}
==========

2.1. Participating Fire Departments {#sec2.1}
-----------------------------------

The data reported are from the baseline evaluation of a longitudinal cohort study entitled "A prospective evaluation of health behavior risk for injury among firefighters" (EMW-2007-FP-02571). The primary aims of this study were to examine risk factors for injury in both career and volunteer firefighters in the International Association of Fire Chief\'s (IAFC) Missouri Valley region between May 2008 and May 2010. The protocol for the protection of human subjects for this study was approved by the National Development and Research Institutes, Inc., (NDRI) Institutional Review Board.

Sampling methodology and inclusionary criteria are presented in detail in previous reports \[[@B11], [@B13]\]. Briefly, firefighters from 11 randomly selected career and 13 randomly selected volunteer departments in the IAFC Missouri Valley Region comprised the sample for this study. A total of 736 firefighters who were available and on-duty during the baseline assessment were solicited and 714 (97%) agreed to participate and provided signed informed consent. Data from volunteer firefighters (*N* = 214) were not used because the focus of this study was on firefighter-related occupational exposures. In addition, data from 22 career firefighters who were either women or did not disclose their gender were excluded due to their low number and the resulting inability to examine the potential moderating impact of gender. Thus, a total of 478 career male firefighters had complete anthropometric data at baseline that comprised the initial sample for this study.

3. Measures {#sec3}
===========

Tobacco use questions were modeled after national surveys such as the Behavioral Risk Factor Surveillance System \[[@B20]\] and the Department of Defense Survey of Health Related Behaviors among Active Duty Personnel \[[@B10]\]. Exclusive SLT users were those who reported current use of SLT products (chewing tobacco, dip, or snuff) and no current smoking. Dual users had smoked at least 100 cigarettes in their lifetime, had smoked a cigarette, even a puff, in the past 30 days, and reported current use of SLT products (chewing tobacco, dip, or snuff). Nontobacco use participants included those who reported never used any tobacco products and no current use of SLT and cigarettes. Firefighters who used cigars or cigarettes or any other forms of tobacco were excluded from the analysis.

Participants\' body compositions were assessed. Height was measured by using a portable stadiometer. Body weight and body fat percentage (BF%) were determined with a digital scale and foot-to-foot bioelectrical impedance (Tanita 300, Tanita Corporation of America, Inc, Arlington Heights, IL). Waist circumference was determined by using a spring-loaded nonstretchable tape measure in accordance with recommendations from the US obesity guidelines \[[@B21]\].

The Self-Report of Physical Activity (SRPA) questionnaire was used to estimate participants\' physical activity levels. The SRPA provides a global, self-rating of physical activity patterns. Indicators of the questionnaire\'s validity in adult populations (i.e., significant correlations between SRPA ratings and measure maximal oxygen consumption (VO~2max⁡~)) have been established \[[@B22]\]. In this study, participants were asked to select a value from the questionnaire that best described their physical activity pattern during the past 30 days. These values, along with BMI, age, and gender, were used to estimate aerobic capacity (i.e., VO~2max⁡~). Aerobic capacity sufficient to exceed the National Fire Protection Association (NFPA) fitness standard was evaluated by comparing the estimated VO~2max⁡~ with the suggested cutpoint of ≥12 METS or ≥42 mL/kg/min) \[[@B23]\].

Blood pressure was assessed using the Omron HEM-711AC (Omron Healthcare, Inc., Bannockburn, IL) in accordance with the Hypertension Detection and Follow-up program following the standard epidemiological protocol \[[@B24]\]. Participants were categorized as having elevated blood pressure if their systolic blood pressure was \>120 mmHg and their diastolic pressure was \>80 mmHg.

The Center for Epidemiological Studies Short Depression Scale (CES-D 10) was used to assess depressive symptoms \[[@B25]\]. The 10-item version was found to have comparable reliability estimates to those reported for the original CESD scale, and strong internal consistency (Cronbach\'s *α* = 0.92) and test-retest reliability (*r* = 0.83) \[[@B25]\]. The Perceived Stress Scale (PSS) is a 10-item measure that queries how unpredictable, overloaded, and uncontrollable individuals perceive their lives. The PSS has been found to be highly reliable in the general US population \[[@B26]\].

Alcohol use was assessed by asking participants whether they had at least one drink of any alcoholic beverage in the past 30 days. Binge drinking was assessed by asking the participants to report the number of times during the past 30 days that they had five or more drinks of any alcoholic beverage on one occasion. Driving while intoxicated was determined by asking participants whether they drove a car or other vehicles on any occasion when they had too much to drink in the past 30 days. Items assessing alcohol use were modeled after the National Household Survey on Drug Use and Health \[[@B27]\] and the survey of military members \[[@B28]\]. In addition, the CAGE questionnaire was used to assess potential alcohol abuse \[[@B29]\]. Participants\' affirmative responses were summed; scores equal ≥2 are considered to indicate potential problem drinking.

The Block Food Screener was employed to estimate fat and fruit/vegetable intake. The Block Food Screener is comprised of two primary sections; the meat/snacks and fruit/vegetable intake composite measures. It was designed to screen dietary fat and fruit and vegetable intake in the American diet \[[@B30]\]. Participants with scores \<11 on fruit/vegetable screener were defined as low fruit/vegetable intake. High-fat intake was defined as having a meats/snacks screener score more than 22. The food screener has been found to be highly correlated (*r* = 0.60--0.70) with total fat, saturated fat, cholesterol, and fruit/vegetable intake when compared with the 1995 Block 100-item Food Frequency Questionnaire data \[[@B30]\].

Firefighter-specific health-risk behavior, that is, self-contained breathing apparatus (SCBA) use, was assessed by asking participants how often they used their SCBA during a fire and/or during salvage and overhaul.

4. Statistical Analyses {#sec4}
=======================

All statistical analyses were conducted using IBM SPSS 18.0 (SPSS, Chicago, IL). Odds ratios (ORs) were computed as measures of association for sociodemographics and health risk behaviors comparing current SLT users and dual users with nontobacco users as the referent group using binary logistic regression models with the backward elimination procedure. Predictors and prevalence of smoking and SLT prevalence in this cohort are reported in Haddock et al. \[[@B13]\].

5. Results {#sec5}
==========

Complete data were available to classify 425/478 (89%) of the baseline participants into tobacco use categories. Of these baseline participants, 353 firefighters were included in the current data analysis; 13.3% (*n* = 57) were SLT users only, 2.6% (*n* = 11) were dual users of cigarettes and SLT, and 67.1% (*n* = 285) were nontobacco users. Descriptive data on characteristics of the study population, stratified by SLT use, are provided in [Table 1](#tab1){ref-type="table"}.

SLT users were predominantly Caucasian with a college education or less, and a household income less than \$75,000. Dual use was more prevalent among younger Caucasian participants who were less likely to have a college education and had family incomes of lower than \$75,000. Less than half of nontobacco and SLT users had aerobic capacity sufficient to meet or exceed the suggested NFPA fitness criterion \[[@B23]\]. Compared to never users, SLT users and dual users reported higher rates of binge drinking and high-fat consumption. Interestingly, dual users were more likely to report driving under the influence during the past 30 days than their counterparts who never used tobacco.

Of participants who reported exclusive SLT use, the mean age at initiation was approximately 17 years old ([Table 2](#tab2){ref-type="table"}), with most starting SLT use before joining the fire service (86.8%). On average, SLT users consumed almost 3.0 tins per week and around 4.9 (SD = 3.3) dips per day. Nearly half of current SLT users used SLT while on duty, and only 18% reported never using SLT during duty days. Among dual users, the average age of first SLT use was when they were 19 years old, compared with 15 years of age for cigarette initiation. In addition, the mean number of SLT and cigarettes used per day was 2.7 (SD = 2.9) dips and 6.6 cigarettes (SD = 7.4), respectively. Similar to SLT users, more than half of dual users already were using SLT before joining the fire service. There was no statistically significant difference in age of SLT initiation or level of SLT use between SLT users versus dual users.

[Table 3](#tab3){ref-type="table"} presents the results of logistic regression models comparing nontobacco users with exclusive SLT users and dual users in relation to sociodemographic factors and health-risk behaviors. After age adjustment, race, binge drinking, and dietary fat consumption were found to be positively associated with exclusive SLT use. SLT users were more likely to binge drink (OR = 4.0, 95% CI = 1.7--9.3) and consume high fat foods (OR = 1.9, 95% CI = 1.0--3.6) when compared to nontobacco users. Only high dietary fat consumption was strongly associated (OR = 8.4, 95% CI = 1.1--67.2) with dual use status when compared to nontobacco users.

6. Discussion {#sec6}
=============

This study is the first to examine the characteristics of career fire service personnel who were classified as SLT users only or dual users of SLT and cigarettes, and factors associated with their use of these tobacco products. In our cohort of firefighters, the prevalence of exclusive SLT use was almost two times that found in national surveys of men, 13.4% versus 7.0% \[[@B2], [@B13]\], and was higher than rates from states represented in this study (i.e., current rates range from 7.2% in Colorado to 11.9% in South Dakota). In addition, the prevalence of dual use in our sample was 2.6%, which is 3-4 times higher than that found nationally, 0.6--0.8% \[[@B19]\].

Health behaviors associated with SLT or dual tobacco included alcohol intake and meat/snack consumption. Both SLT and dual users were almost 4 and 5 times more likely to binge drink than nontobacco users. Interestingly, dual users reported consuming meat and/or high-fat foods eight times more than nontobacco users. Dual users also were more involved in a number of health risk behaviors including reporting driving while intoxicated in the past 30 days, being less likely to eat fruit and vegetables, more likely to eat meat and high-fat foods, and less likely to use SCBAs during a fire. Although these risk behaviors of dual users were not found significant due to the low sample size, they were relatively distinct from those of both nontobacco and SLT users, indicating a unique group of tobacco users.

Several study limitations should be noted. First, the sample consisted of career firefighters in one IAFC geographic region in the USA. Data may not be generalizable to other populations or regions. Second, tobacco use (except for cigarette smoking) was based on self-reports and not validated by biochemical markers, which could underestimate actual tobacco use. However, self-reports have been found to be valid for assessing all forms of tobacco use in several epidemiological studies \[[@B31]\], and self-reports of smoking were very accurate when compared to biochemically verification in this cohort \[[@B13]\]. Next, only 11 participants were dual users in this sample, which could influence and reduce the precision of the study outcomes. Finally, the study was cross-sectional, so drawing causal and directional inferences between the various forms of tobacco use and their correlates is not possible.

Our findings have several public health implications. First, the trend toward clustering of tobacco use and other health-risk behaviors emphasizes the need to address these behaviors by using intervention strategies that consider multiple risk factors and treatment contexts, such as providing treatment in dental or medical offices \[[@B32]\]. Second, future research is needed to examine social and industrial factors that support tobacco use and evaluate occupationally tailored interventions to help firefighters to successfully quit. This is particularly important given the high proportion of dual users found in this sample. Third, fire service organizations should address and focus more on SLT cessation programs in order to reduce the risks of SLT-related illnesses given that SLT use is associated with some cancers and other oral diseases \[[@B8]\]. Finally, because of the exceptionally high levels of SLT and dual use in the fire service, and its unique job characteristics (e.g., spending extended periods of time living together during extended shifts, frequently working in outside weather conditions, and having high level of interdependence among crews), intervention programs should be specifically developed and tailored for this occupational group.

The current findings support earlier studies reporting that SLT products were more likely to be used by White adults than among minority respondents \[[@B9], [@B17]\]. For example, Rodu and Cole \[[@B1]\] found that nearly all SLT users were Caucasian. In addition, previous studies generally show SLT and other tobacco use cluster with other health risks, particularly substance use \[[@B17]--[@B19]\]. For instance, Lando et al., \[[@B17]\] found that SLT users reported more total alcohol use and binge drinking compared to never users. Alcohol use also has been associated with increased tobacco consumption including SLT \[[@B9], [@B17]\]. Although both SLT users and dual users in this sample were more likely to drink alcohol and binge drink, they were not more likely to engage in occupational risk-taking such as not wearing their SCBA during a fire.

In contrast, there have been extensive data indicating that cigarette smokers demonstrate higher occupational risk behaviors, such as being less likely to use seat belts and more likely to use drugs and be involved in physical altercations when compared to nontobacco users \[[@B33]\]. Thus, SLT users and dual users are probably more health focused or have higher health consciousness than smokers. As we stated previously, detailed information on SLT and dual users\' health risk behaviors can be useful for developing an SLT cessation intervention strategies that consider multiple risk factors and delivery contexts in the program design. In addition, knowing associated risk behaviors of SLT and dual can be useful for health care providers in assisting SLT and dual users quitting.

The use of both cigarette and SLT, or dual use, was observed to be very high in this cohort. Although there were no statistically significant differences in age SLT initiation and mean numbers of SLT use between SLT users and dual users, we found that dual users started using SLT later than when they started smoking and that they used less SLT than exclusive SLT users. In addition, almost half of dual users in this sample reported using SLT after joining the fire service, indicating that fire service restrictions on smoking cigarettes might play the crucial role \[[@B11]\].

Several studies have shown that smokers who use other forms of tobacco have higher health risks compared to other tobacco users \[[@B17]\]. It has been suggested that dual users are trying to quit or reduce smoking by using SLT as a replacement for nicotine delivery. Also, it has been reported that dual use is associated with high levels of nicotine addiction \[[@B19]\], which could lead them to use SLT in addition to cigarettes. Our findings support this notion, as dual users in this sample initiated cigarette use at an earlier age than SLT use, and smoked cigarettes as much as that found in the exclusive smokers (10.00 ± 9.03; \[[@B13]\]). As mentioned earlier, smokers may become dual users due to smoking restrictions, health concerns, and advertising and marketing factors \[[@B11]\]. Therefore firefighters who use other forms of tobacco in addition to cigarettes are in particular need of research on best methods to encourage cessation and deliver treatment.

7. Conclusion {#sec7}
=============

The prevalence rates of exclusive SLT use and dual use in this sample were 2--4 times higher than those found in national data, 13.4% versus 7.0%, and 2.6% versus 8.0%, respectively. Our findings indicated that SLT and/or dual tobacco users in this sample had higher alcohol intake and meat/snack consumption than non-tobacco users. However, SLT or dual tobacco users appear to be more health focused or had higher health consciousness than their smoker counterparts \[[@B13]\]. Given the exceptionally high levels of SLT and dual use in the fire service, and its unique job characteristics (such as spending extended periods of time living and working on the job third of the time, frequently working in outside weather conditions, and having high level of interdependence among crews), SLT intervention programs should be specifically developed and tailored for this occupational group.
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###### 

Participant characteristics by tobacco use (Mean ± SD, or %)^a^.

                                                      Nontobacco users   Exclusive SLT users   Dual users
  --------------------------------------------------- ------------------ --------------------- ------------
  *Demographics*                                                                                
  Age (years)\*\*                                     39.4 ± 10.1        36.0 ± 8.3            31.2 ± 6.9
  Annual family income                                                                          
   ≤\$75,000                                          29.4%              39.6%                 54.5%
                                                      70.6%              60.4%                 45.5%
  Education                                                                                     
   ≤College                                           68.9%              80.7%                 63.6%
                                                      31.1%              19.3%                 36.4%
  Ethnicity\*                                                                                   
   White                                              87.7%              98.2%                 100.0%
   Minority                                           12.3%              1.8%                  ---
  Marital status                                                                                
   Married                                            79.8%              71.9%                 70.0%
  *Health factors*                                                                              
  Weight (kg)                                         91.5 ± 15.2        89.8 ± 15.1           85.3 ± 9.9
  BMI (kg/m^2^)                                       28.7 ± 4.4         28.3 ± 4.5            26.8 ± 1.9
  Body fat percentages                                25.5 ± 6.6         24.8 ± 6.4            22.2 ± 3.2
  Waist circumference (inches)                        38.4 ± 4.9         37.7 ± 4.7            36.9 ± 2.6
  Having high blood pressure                          58.9%              66.1%                 81.8%
  Maximal oxygen consumption                                                                    
   Poor to very poor                                  22.7%              17.9%                 ---
   Fair to superior                                   77.3%              82.1%                 100.0%
  Depression scale score                              1.5 ± 1.8          2.0 ± 1.8             1.6 ± 2.1
  Perceived stress scale score                        10.1 ± 5.7         11.5 ± 5.6            10.3 ± 3.3
  *Health-risk behaviors*                                                                       
  Alcohol use in the past 30 days                     81.3%              89.5%                 90.9%
  Binge drinking in the past 30 days\*\*\*            57.9%              86.0%                 90.0%
  CAGE scores ≥2                                      10.9%              19.6%                 20.0%
  Driving while intoxicated in the past 30 days\*\*   7.9%               9.8%                  40.0%
  Self-reported physical activity level                                                         
   Level 1-2 low to inactive                          37.1%              42.1%                 36.4%
   Level 3--5 moderate to very high                   62.9%              57.9%                 63.6%
  Meet minimum NFPA fitness standard                  41.1%              44.6%                 63.6%
  Fruit/vegetable screener score                                                                
   Low (\<11)                                         42.1%              31.6%                 45.5%
  Meats/snacks screener score\*\*                                                               
   High (≥23)                                         52.9%              69.1%                 90.9%
  SCBA use during a fire                              33.5%              31.6%                 9.1%

^a^Compared to never users; \**P* \< .05; \*\**P* \< .01; \*\*\**P* \< .001.

###### 

Age at initiation, and amount of SLT and cigarette use among exclusive SLT users and dual users.

                               Exclusive SLT users   Dual users
  ---------------------------- --------------------- ------------
  Age at initiation                                   
   SLT                         16.8 ± 5.1            19.1 ± 8.1
   Cigarette                   NA                    15.4 ± 2.9
  Amount used                                         
   SLT, dips/day               4.9 ± 3.3             2.7 ± 2.9
   Cigarette, cigarettes/day   NA                    6.6 ± 7.4

###### 

Logistic regression comparing odd ratios (OR) and 95% Confidence Interval (CI) of nontobacco users, exclusive SLT users, and dual users in relation to demographic factors and health-risk behaviors^a^.

  ------------------------------------------------------------------------
                                       Exclusive SLT users   Dual users
  ------------------------------------ --------------------- -------------
  *Demographics*                                              

  Ethnicity                                                   

   Minority                            1.0                   NA

   White                               8.3\* \               NA
                                       (1.1--62.1)           

  *Health-risk behaviors*                                     

  Binge drinking in the past 30 days                          

   No                                  1.0                   1.0

   Yes                                 4.0\*\* \             4.8\
                                       (1.7--9.3)            (0.6--39.0)

  Meats/snacks screener score                                 

   Low (\<23)                          1.0                   1.0

   High (≥23)                          1.9\* \               8.4\* \
                                       (1.0--3.6)            (1.1--67.2)
  ------------------------------------------------------------------------

^a^Variables adjusted for age; \**P* \< .05; \*\**P* \< .01; \*\*\**P* \< .001.
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